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A phase III trial was per-
formed using an absorbable
hydrogel (SpaceOAR System)
to provide space between the
prostate and rectum for men
undergoing dose-escalated
prostate radiation therapy. At
3 years, the men in the spacer
arm had decreased bowel
toxicity and fewer declines in
both urinary and bowel qual-
ity of life compared with the
control group.
Purpose: SpaceOAR, a Food and Drug Administrationeapproved hydrogel intended
to create a rectaleprostate space, was evaluated in a single-blind phase III trial of
image guided intensity modulated radiation therapy. A total of 222 men were random-
ized 2:1 to the spacer or control group and received 79.2 Gy in 1.8-Gy fractions to the
prostate with or without the seminal vesicles. The present study reports the final results
with a median follow-up period of 3 years.
Methods and Materials: Cumulative (Common Terminology Criteria for Adverse
Events, version 4.0) toxicity was evaluated using the log-rank test. Quality of life
(QOL) was examined using the Expanded Prostate Cancer Index Composite (EPIC),
and the mean changes from baseline in the EPIC domains were tested using repeated
measures models. The proportions of men with minimally important differences
(MIDs) in each domain were tested using repeated measures logistic models with pre-
specified thresholds.
Results: The 3-year incidence of grade 1 (9.2% vs 2.0%; PZ.028) and grade 2
(5.7% vs 0%; PZ.012) rectal toxicity favored the spacer arm. Grade 1 urinary in-
continence was also lower in the spacer arm (15% vs 4%; PZ.046), with no difference
in grade 2 urinary toxicity (7% vs 7%; PZ0.7). From 6 months onward, bowel QOL
consistently favored the spacer group (PZ.002), with the difference at 3 years (5.8
points; P<.05) meeting the threshold for a MID. The control group had a 3.9-point
greater decline in urinary QOL compared with the spacer group at 3 years (P<.05),
but the difference did not meet the MID threshold. At 3 years, more men in the control
group than in the spacer group had experienced a MID decline in bowel QOL (41% vs
14%; PZ.002) and urinary QOL (30% vs 17%; PZ.04). Furthermore, the control
group were also more likely to have experienced large declines (twice the MID) in
bowel QOL (21% vs 5%; PZ.02) and urinary QOL (23% vs 8%; PZ.02).
Conclusions: The benefit of a hydrogel spacer in reducing the rectal dose, toxicity, and
QOL declines after image guided intensity modulated radiation therapy for prostate
cancer was maintained or increased with a longer follow-up period, providing stronger
evidence for the benefit of hydrogel spacer use in prostate radiation therapy.  2017
The Authors. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
External beam radiation therapy (RT) is used to treat men
with prostate cancer and results in outcomes similar to those
with surgery for patients with low- or intermediate-risk
disease (1) and improved survival when added to androgen
deprivation therapy (ADT) for high-risk disease (2, 3). Dose
escalation improves the outcomes but increases the risk of
urinary and bowel toxicity (4). Both image guided RT
(IGRT) (5-7) and intensity modulated RT (IMRT) (8) have
been used to limit margins and conform the high-dose ra-
diation volume to limit toxicity. Nevertheless, because the
rectum and prostate are often in physical contact, the ability
of IGRT and IMRT to spare the rectum has been limited.
The SpaceOAR System (Augmenix, Inc, Waltham, MA) is
the only Food and Drug Administrationeapproved absorbable
hydrogel that can be introduced between the prostate and
rectumtodecrease toxicity andminimize the changes inquality
of life (QOL) after prostate RT. The 15-month follow-up data
from the SpaceOAR phase III trial were previously reported.
The results showed that >97% of men had a clinically signif-
icant 25% relative reduction in the rectal V70, with a reduction
in rectal toxicity and improvements in bowel QOL (9). The
present study reports the updated results with a median follow-
up period of 37 months.
Methods and Materials
Patient population and treatment
The details of the phase III study were previously reported
(10, 11). Men with National Comprehensive Cancer Net-
workedetermined low- or intermediate-risk prostate cancer
and a Zubrod performance status of 0 to 1 were enrolled in
a multi-institutional institutional review boardeapproved
single-blind phase III trial (ClinicalTrials.gov identifier
NCT01538628). The exclusion criteria included prostate
volume 80 cm3, extraprostatic extension, >50% positive
biopsy cores, previous or planned use of ADT, and/or
previous treatment of prostate cancer. The patients were
randomized 2:1 to the spacer or control group, with all men
receiving fiducial markers for IGRT. The patients were
unaware of the treatment allocation and had the fiducial
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markers or markers plus the hydrogel spacer placed without
knowing to which treatment they had been randomized.
Magnetic resonance imagingebased planning was used,
with the postfiducial marker computed tomography scan
fused with the magnetic resonance imaging scan. The use
of intravenous, oral, or bladder/urethral contrast were at the
discretion of the investigators. The radiation plans were
evaluated by an independent core laboratory before treat-
ment for compliance to the protocol guidelines and deter-
mination of the dosimetric endpoints (H.G., W.B., J.M.).
The clinical target volume was the prostate with or
without the seminal vesicles at the physician’s discretion. A
planning target volume (PTV) margin of 5 to 10 mm was
used. The radiation dose was 79.2 Gy in 1.8-Gy daily
fractions, delivered 5 days weekly.
Data collection and follow-up protocol
The men were followed up weekly during treatment and at
3, 6, 12, and 15 months after enrollment. The primary
endpoint was reported at 15 months (10). Extended follow-
up data at 3 years were recorded, with local institutional
review board approval to gather Expanded Prostate Cancer
Index (EPIC) data, prostate-specific antigen, medical and
surgical history, rectal and urinary adverse events, and
medication changes since the 15-month visit. Participation
in this extended follow-up protocol was voluntary, with
each institution choosing whether they would participate.
Rectal and urinary adverse events were adjudicated by an
independent clinical events committee that was unaware of
the treatment arm according to the event type, severity, and
relatedness to radiation or other factors. Adverse events
attributed to radiation were included for toxicity analysis in
accordance with the National Cancer Institute’s Common
Terminology Criteria for Adverse Events, version 4.0.
Statistical analysis
The toxicity events from enrollment through 3 months of
follow-up were classified as acute, and those occurring after
3 months were classified as late. The cumulative incidence
of late toxicity was evaluated using the log-rank test and
Kaplan-Meier analysis by randomization arm.
For the QOL analysis, the mean changes in the EPIC
summary scores from baseline were evaluated in linear
mixed models with the fixed effects of randomized treat-
ment, questionnaire completion date, and baseline score. The
interaction of randomized treatment and questionnaire
completion date and repeated measures within patient
groups were accounted for using an autoregressive correla-
tion structure. Pairwise testing was done within the modeling
framework. Minimally important differences (MIDs) in the
EPIC summary scores were evaluated according to previ-
ously published thresholds: bowel (5 points), urinary (6
points), sexual (11 points), and vitality/hormonal (5 points)
(12). In addition, a second preplanned cutpoint was
evaluated twice at each of these thresholds. Each binary
MID variable was modeled using a General Estimating
Equation model with a logit link to account for the repeated
surveys for each patient over time and the independent ef-
fects of randomized treatment, questionnaire completion
date, baseline domain score, and the interaction of ran-
domized treatment and questionnaire completion date.
Analysis was performed in SAS, version 9.4 (SAS Institute,
Cary, NC).
Biochemical failure was defined using the Phoenix
definition (nadir plus 2 ng/mL) (13).
Results
From January 2012 to April 2013, 222 eligible men from 20
participating institutions were enrolled and randomized to the
control (nZ73) or spacer (nZ149) arm. No differences were
found in the demographic data between the 2 arms (Table E1;
available online at www.redjournal.org). The primary end-
points were reported at a minimum follow-up point of
15 months, when 97% of the control group and 99% of the
spacer group were evaluable. Extended follow-up was
continued through April 2016, when 63% of both control
(nZ46) and spacer (nZ94) patients were evaluable. No dif-
ferencewas found in themedian follow-up period between the
2 treatment arms in the extended study (control: median
37.0 months, range 26-46; spacer: median 37.1 months, range
32-47;P>.5; Fig.E1; available online atwww.redjournal.org).
Dosimetry
Compared with the control arm, those with the hydrogel
(spacer arm) had a smaller volume of rectum treated to all
volumes fromV50 toV80 (P<.0001 for all; Fig. 1A). ForV50,
a 54%relative reductionwas found (21%vs10%for control vs
spacer), with increasing relative reductions at higher doses.
These included a 79% relative reduction in V70 (10% vs 2%
for control vs spacer) and a 96% reduction in the V80 (4% vs
0.1% for control vs spacer). No differences were found in the
dosimetry values for the bladder, bladder wall, or bladder/
bladder wall within 1 or 2 cm of the prostate (P>.1 for all). In
addition, no differenceswere found in the hot spots in the PTV
(>79.2 Gy; P>.1). The dose to the penile bulb was signifi-
cantly reduced in the spacer arm for the mean, median,
maximum dose, and doses from V10 to V30 (Fig. 1B).
Toxicity
Grade1 rectal toxicity at 3 years of follow-upwas decreased
by 75% in the spacer arm (control: 9%, 95% confidence in-
terval [CI] 4%-20%; spacer: 2%, 95% CI 1%-6%; P<.03;
hazard ratio 0.24, 95% CI 0.06-0.97), and no grade 2 rectal
toxicity was observed in the spacer arm (3-year rate: control,
6%, 95% CI 2%-17%; spacer 0%; P<.015; Figs. 2A and 2B).
One case of grade 3 rectal toxicity developed in the control
arm.A reductionwas also seen in cumulative grade1 urinary
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incontinence at 3 years (control: 15%, 95% CI 8%-29%;
spacer: 4%, 95%CI2%-10%;PZ.046; hazard ratio 0.36, 95%
CI 0.12-1.1), without a difference in other grade 1 urinary
toxicities (P>.5) or grade2 urinary toxicity (P>.5; Figs. 2C
and 2D; Fig. E2; available online at www.redjournal.org).
Quality of life
Bowel QOL
Both arms had similar acute declines in bowel QOL between
enrollment and 3 months after treatment, with return toward
baseline at 6 months (Fig. 3A). Numerically, from 6 months
through 3 years, the spacer arm bowel QOL score was near
or greater than the baseline score but had declined in the
control arm (PZ.002). The mean difference of 5.8 points in
the bowel summary score at 3 years between the control
(5.3 points) and spacer (þ0.5 points) groups met the pre-
viously established threshold for a MID of 4 to 6 points (12).
The proportion of patients with measurable changes in
bowel QOL meeting the MID threshold (5 points; Fig. 3B)
or twice that threshold (10 points; Fig. 3C) was also evalu-
ated. From 6 months through 3 years, more men in the
control arm had a MID in bowel QOL meeting the
threshold of 5 points (PZ.009), but no difference was found
for a 10-point decline (PZ.14). Both differences increased
with a longer follow-up duration, such that at 3 years, men
treated with the spacer were less likely to have a detectable
change in bowel QOL for both thresholds (5-point: 41%
vs 14%, PZ.002, odds ratio [OR] 0.28, 95% CI 0.13-0.63;
10-point: 21% vs 5%, PZ.02, OR 0.30, 95% CI 0.11-0.83).
V50 V55 V60 V65 V70 V75 V80
Control 21 18 15 13 10 8 4













































Fig. 1. Radiation dosimetry to rectum (A) and penile bulb (B) as a function of treatment arm. Doses presented as the
mean  standard error of the mean. Abbreviations: Dmax Z maximum dose; pV(x) Z the percentage of penile bulb at or
above “x” Gy.
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Dosimetric analysis revealed a correlation between
an increasing rectal V50 to V80 and a decline in
bowel QOL (P<.03 for all; Table E2; available online at
www.redjournal.org). In addition, those treated to the
prostate and seminal vesicles were more likely to have a
decline in bowel QOL compared with those treated to the
prostate only; however, the relative benefit of hydrogel
spacer use was independent of seminal vesicle treatment
(Fig. E3; available online at www.redjournal.org).
Urinary QOL
For urinary QOL, a similar decline was seen at 3 months
between the treatment arms, which again had approached
baseline by 6 months (Fig. 4A). When averaged over the
entire follow-up duration, no significant difference was
found in the mean urinary QOL between the 2 arms
(P<.13). At the 3-year point, a statistically significant dif-
ference was found in urinary QOL favoring the spacer arm
(þ0.6 points) compared with the control arm (3.3 points;
PZ.04). However, the difference of 3.9 points did not meet
the criteria for a MID (5-7 points). When assessing the
proportion of men throughout the follow-up period with a
MID in urinary QOL, no difference was found in those with
a 6-point decline (PZ.13; Fig. 4B). However, a smaller
proportion of men had a 12-point decline in urinary QOL in
the spacer arm (P<.035; Fig. 4C). Again, the differences
increased over time, such that at 3 years, significantly fewer
men had either a 6-point (30% vs 17%, P<.05, OR 0.41,
95% CI 0.18-0.95) or 12-point (23% vs 8%, P<.03, OR
0.31, 95% CI 0.11-0.85) decline. No dosimetric variables
correlated with urinary QOL.
Other QOL analysis
Aspreviously reported, no significant differenceswere found in
sexual QOL or vitality/hormonal QOL between the random-
ized arms (Fig. E4; available online at www.redjournal.org).
Nor were significant differences found in the proportion of
patients with MID changes between the treatment arms for
either the vitality/hormonal or sexual domains (P>.1 for both;
data not shown). The dose to the penile bulb, although different
between the treatment arms (Fig. 1B), was low in both groups
and did not correlate with the change in the EPIC sexual
summary score for all patients or each randomized arm.
The proportion of patients with moderate or large
problems in QOL according to each item on the EPIC
questionnaire was also assessed (Tables E3-E6; available
online at www.redjournal.org). At 3 years, only 1 item
showed a statistically significant difference at this threshold
between the treatment arms (bother secondary to urinary
frequency: control 18% vs spacer 5%; P<.05). However, of
all 50 items, 14 had differences of 5% between treatment
arms at 3 years. Of these items, 13 favored the spacer arm
(3 bowel, 3 urinary, 5 sexual, and 2 vitality/hormonal) and
only 1 (weight gain) favored the control arm.
For all patients in the study (spacer plus control), an
overall decline in urinary QOL of 6 and 12 points at 3 years
was seen in 21% and 13% of the patients, respectively. A
strong association was found between the decline in bowel
BA
DC
P<.03, HR:0.24 (95%CI:0.06-0.97) 
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Fig. 2. The cumulative incidence of grade 1 (A) and 2 (B) bowel toxicity and grade 1 urinary incontinence (C) and
grade 2 urinary toxicity (D). Abbreviations: CI Z confidence interval; HR Z hazard ratio.
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Fig. 3. Mean changes in bowel quality of life summary score
(A) as a function of treatment arm. Data presented as mean 
standard error of the mean. The proportion of patients with
detectable changes in bowel quality of life at the 5-point (B) or
10-point (C) threshold.Abbreviations:CIZ confidence interval;





























OR at 36-months: 0.31 [95%CI:0.11-0.85]
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Fig. 4. Mean changes in urinary quality of life summary score
(A) as a function of treatment arm. Data presented as
mean standarderrorof themean.Theproportionofpatientswith
detectable changes in bowel quality of life at the 6-point (B) or 12-
point (C) threshold. Abbreviations: CI Z confidence interval;
MIDZminimally important difference; ORZ odds ratio.
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QOL and concomitant decline in urinary QOL. The 6-point
urinary decline was seen in 14% of the men who did not
have a bowel change but in 45% of those with a detect-
able 5-point decline in bowel QOL (P<.0001, OR 4.3,
95% CI 3.3-5.8), with a similar correlation found for the
12-point decline in urinary QOL. A 12-point decline was
observed in 7.5% of the men with stable bowel function but
in 62% of the men with a detectable 10-point decrease in
bowel QOL (P<.0001, OR 7.4, 95% CI 5.2-10.6).
Given the greater likelihood of experiencing urinary
QOL changes in the face of bowel changes, we next
assessed the overall burden of QOL changes at 3 years at
the 1 and 2 MID thresholds for bowel, urinary, and
sexual QOL (Fig. 5). At 3 years, 46% of men in the spacer
arm had no detectable change in any of the 3 QOL domains
compared with 35% in the control arm, and 67% of the
spacer group had no changes meeting the 2 thresholds
compared with 58% of the control group. Furthermore, in
the control arm, more men had a decline in all 3 domains
(20% control vs 2.5% spacer for 1 MID and 12.5%
control vs 0% spacer for 2 MID). The statistical signifi-
cance of the differences in the patients with declines in 1
QOL domain were different between the 2 treatment arms
(c2, PZ.0017 for 1 MID and PZ.0049 for 2 MID).
Given the 63% response rate at 3 years, we also per-
formed sensitivity analyses comparing potential differences
between those with or without a response at the 3-year
point (Table E7; available online at www.redjournal.org).
No difference was found in the QOL at either baseline or
15 months between those with and without a response. For
all QOL domains, a similar relationship was found between
the treatment arm and the change in mean QOL for those
with and without a response both during the follow-up
period time and at 36 months (Table E8; available online
at www.redjournal.org). For bowel QOL, similar differ-
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Fig. 5. The proportion of patients by treatment arm with changes across all 3 quality of life domains (bowel, urinary, and
sexual) at the 1 (A, B) or 2 (C, D) thresholds. The overlaps between circles show patients with declines in 2 or 3 domains.
Abbreviation: MID Z minimally important difference.
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point decline when limited to those with all data available
compared with the initial analysis of all patients (Fig. E5;
available online at www.redjournal.org).
Disease control
No biochemical failure developed in any patient during the
follow-up period in either arm. Also, no difference was
found in the nadir prostate-specific antigen level after RT in
either arm (0.5 ng/mL; P>.5).
Discussion
The results of the present prospective single-blind ran-
domized phase III trial have demonstrated that the hydrogel
spacer was safe to apply and well tolerated and resulted in a
significant rectal dose reduction. Furthermore, the benefit
seen with the hydrogel spacer at 15 months for
bowel toxicity and QOL was maintained or had increased at
the 3-year median follow-up period.
The control arm had very low rates of rectal toxicity
compared with previous reports (14-19). The cumulative
rate of grade 2 bowel toxicity was 6% at 3 years in the
control arm, with no cases of grade 2 toxicity in the
spacer arm. These results compare favorably with those
from recently published multi-institutional studies such as
the Radiation Therapy Oncology Group 0126 trial (79.2 Gy
in 1.8-Gy fractions, IMRT, unknown use of IGRT, grade 2
rectal toxicity rate of 15.1%) (14) or Radiation Therapy
Oncology Group 0415 trial (73.8 Gy in 1.8-Gy fractions, all
IGRT, 79% IMRT, grade 2 rectal toxicity rate of 11.4%)
(17). The low toxicity in the control arm might have been
related to a number of factors, including different toxicity
scales, uniform use of both IMRT and IGRT, small PTV
margins, magnetic resonance imaging planning, and strict
dosimetric constraints with centralized pretreatment review
of the plans. Nevertheless, despite the overall excellent
results in the control arm, the addition of the hydrogel
spacer still resulted in statistically significant and clinically
meaningful reductions in toxicity and improvements in
bowel QOL. This highlights 1 notable strength of the pre-
sent study in that the outcomes using both physician-scored
toxicity (Common Terminology Criteria for Adverse
Events, version 4.0) and patient-reported outcomes (PROs;
EPIC) resulted in similar and complementary conclusions,
both favoring the spacer arm. The present study was also
performed across 20 centers, reflecting broad applicability.
Despite the low rates of physician-scored toxicity, the
analysis of PROs revealed greater rates of measurable de-
clines in QOL. In the control arm at 3 years, 41% of patients
exhibited a detectable decline in bowel QOL (5 points) using
the PROs, which met the definition of a MID, and 21%
experienced a more serious decline (10 points). These rates
were both reduced by 70% in the spacer arm (14% and 5%,
respectively). Additionally, for urinary QOL at 3 years, 30%
of the men in the control arm reported detectable declines (6
points), with most (23%) reporting a decline in urinary QOL,
which was 2 times the MID (12 points). Again, the use of
the hydrogel spacer reduced the likelihood of either a MID
or more serious changes in urinary QOL by >60% (with
rates in the spacer arm of 17% and 8%, respectively). Thus,
despite an overall favorable toxicity profile, a substantial
portion of patients were still likely to obtain a benefit from
the use of the absorbable hydrogel spacer, as measured by
PROs. This difference was also evident when analyzing the
proportion of patients with multidomain changes across all 3
domains (urinary, sexual, and bowel). In the spacer arm, 46%
of the men had no clinically detectable change in any QOL
domain at 3 years; the rate was 35% for the control arm. In
addition, for the men in the control group, 20% had changes
meeting the threshold for MID in all 3 arms compared with
only 2.5% in the spacer group. Also, 12.5% of the control
group had large changes (2 MID) in all 3 domains at
3 years compared with no men with 2 MID across all 3
domains in the spacer group.
The number needed to treat (NNT) is a useful metric to
estimate the proportion of patients expected to derive a
benefit from the use of an intervention. The NNT to spare 1
cumulative grade 1 bowel toxicity at 3 years was 14.3 and
for grade 2 bowel toxicity, was 16.7. The patient-reported
QOL outcomes might provide a more sensitive metric,
because it better reflects the patient’s experience and pri-
orities and is complementary to physician-scored toxicity.
The NNT to prevent 1 detectable change in bowel QOL at
3 years (5-point threshold) was 3.7 compared with a NNT
of 6.3 for the more severe change in bowel QOL (10-point
threshold). Furthermore, the use of a hydrogel spacer also
decreased the incidence of urinary incontinence and
resulted in a statistically significant (albeit not clinically
significant) improvement in the average urinary QOL at
3 years. Despite not causing, on average, a clinically
meaningful benefit in urinary QOL, a substantial minority
of patients did have detectable declines in urinary QOL,
such that the NNT to prevent 1 patient with a MID decline
in urinary QOL (6-point threshold) at 3 years was 7.7 and
was 6.7 when the more severe threshold of twice the MID
was used (12 points). When considering QOL more
broadly, the NNT to prevent 1 man from experiencing a
measurable decline in all 3 domains was 9.1 for the 1
MID threshold and 8.0 for the 2 MID threshold.
Unlike bowel QOL, for which previous studies have
identified strong correlations between radiation dosimetry
and declines in PROs, which we also noted (Fig. 1; Table
E2; available online at www.redjournal.org) (19, 20), we
were unable to identify dosimetric characteristics that
correlated with the differences in urinary toxicity and QOL.
The structures evaluated included the bladder, bladder wall,
bladder neck, prostate, and penile bulb (as a surrogate for
genitourinary diaphragm). Some, although not all, previous
studies have reported a correlation between the dose to the
urethra and the occurrence of urinary toxicity after high-
dose RT. However, using the treatment plans available,
we did not have a urethral structure for evaluation. Men
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with a detectable change in bowel QOL were approxi-
mately five-fold more likely to exhibit detectable changes
in urinary QOL. A number of possibilities exist to explain
this association: different organs at risk with an association
to urinary QOL that have not yet been identified (eg,
intraprostatic urethra, distal urethra, or bladder trigone) (21,
22) but that might have been spared by the spacer treat-
ment; potentially more intrinsic radiosensitivity in those
exhibiting both bowel and urinary QOL declines (23); a
greater likelihood of reporting urinary differences, even if
not present, when bowel differences are present (24); and a
greater likelihood of men reporting urinary issues owing to
increased restroom usage secondary to bowel changes.
Since the initiation of the present clinical trial, the use of
other dose-escalated RT modalities for the treatment of
prostate cancer has increased, including moderately hypo-
fractionated RT, stereotactic body RT, brachytherapy as
monotherapy or a boost, and proton therapy (17, 18, 25-33).
With each of these treatment modalities, bowel toxicity and
changes in QOL have been associated with the dose to the
rectum, which in some cases can be extreme. In 1 recent
stereotactic body RT trial, nearly 10% of patients in the
highest dose arm required a colostomy (33). Thus, the benefits
obtained through prostateerectal spacing using convention-
ally fractionated RT could also be evident using these other
treatment techniques, such that with further dose intensifica-
tion, the hydrogel spacer might have greater effects.
Conclusions
We have reported the first level 1 evidence from a ran-
domized phase III trial of an RT technique for prostate
cancer to demonstrate reductions in rectal dosimetry and
improvements in both toxicity and QOL. Encouragingly,
the differences identified at the 15-month minimum follow-
up point (10) appear to have been maintained or
increased at 3 years. For radiation technologies, only the
use of 3-dimensional conformal RT had previously been
tested in such a phase III trial (34). Nevertheless, both
IGRT and IMRT have been routinely adopted despite
lacking a similar level of evidence (35). Future work might
be able to identify the clinical and dosimetric risk factors
that can determine those at greatest risk of rectal toxicity
and who might stand to benefit the most from the use of a
spacer (36). It is also notable that the use of this hydrogel
spacer provided a clinically meaningful improvement even
in the best current standard of care for conventionally
fractionated dose-escalated RT, with PROs identifying
significant improvements in both urinary and bowel QOL.
References
1. Hamdy FC, Donovan JL, Lane JA, et al. 10-Year outcomes after
monitoring, surgery, or radiotherapy for localized prostate cancer. N
Engl J Med 2016;375:1415-1424.
2. Widmark A, Klepp O, Solberg A, et al. Endocrine treatment, with or
without radiotherapy, in locally advancedprostate cancer (SPCG-7/SFUO-
3): An open randomised phase III trial. Lancet 2009;373:301-308.
3. Warde P, Mason M, Ding K, et al. Combined androgen deprivation
therapy and radiation therapy for locally advanced prostate cancer: A
randomised, phase 3 trial. Lancet 2011;378:2104-2111.
4. Pollack A, Zagars GK, Starkschall G, et al. Prostate cancer radiation
dose response: Results of the M.D. Anderson phase III randomized
trial. Int J Radiat Oncol Biol Phys 2002;53:1097-1105.
5. Troccaz J, Laieb N, Vassal P, et al. Patient setup optimization for
external conformal radiotherapy. J Image Guid Surg 1995;1:113-
120.
6. Crook JM, Raymond Y, Salhani D, et al. Prostate motion during
standard radiotherapy as assessed by fiducial markers. Radiother
Oncol 1995;37:35-42.
7. Le´tourneau D, Martinez AA, Lockman D, et al. Assessment of re-
sidual error for online cone-beam CT-guided treatment of prostate
cancer patients. Int J Radiat Oncol Biol Phys 2005;62:1239-1246.
8. Burman C, Chui CS, Kutcher G, et al. Planning, delivery, and quality
assurance of intensity-modulated radiotherapy using dynamic multi-
leaf collimator: A strategy for large-scale implementation for the
treatment of carcinoma of the prostate. Int J Radiat Oncol Biol Phys
1997;39:863-873.
9. Wei TW, Dunn RL, Sandler HM, et al. Comprehensive comparison of
health-related quality of life after contemporary therapies for localized
prostate cancer. J Clin Oncol 2002;20:557-566.
10. Mariadios N, Sylvester J, Shah D, et al. Hydrogel spacer prospective
multicenter randomized controlled pivotal trial: Dosimetric and clin-
ical effects of perirectal spacer application in men undergoing prostate
image guided intensity modulated radiation therapy. Int J Radiat
Oncol Biol Phys 2015;91:971-977. http://dx.doi.org/10.1016/j.ijrobp.
2015.04.030.
11. Pieczonka C, Mariados N, Sylvester J, et al. Hydrogel spacer appli-
cation technique, patient tolerance and impact on prostate intensity
modulated radiation therapy: Results from a prospective, multicenter,
pivotal randomized controlled trial. Urology Practice 2016;3:141-146.
http://dx.doi.org/10.1016/j.urpr.2015.04.002.
12. Skolarus TA, Dunn RL, Sanda M, et al. Minimally important differ-
ence for the expanded prostate cancer index composite short form.
Urology 2015;85:101-105.
13. Roach M, Hanks G, Thames H, et al. Defining biochemical failure
following radiotherapy with or without hormonal therapy in men with
clinically localized prostate cancer: Recommendations of the RTOG-
ASTRO Phoenix consensus conference. Int J Radiat Oncol Biol
Phys 2006;65:965-974.
14. Michalski JM, Yan Y, Watkins-Bruner D, et al. Preliminary toxicity
analysis of 3DCRTversus IMRTon the high dose armof theRTOG0126
prostate cancer trial. Int J Radiat Oncol Biol Phys 2013;87:932-938.
15. Zelefsky M, Kollmeier M, Cox B, et al. Improved clinical outcomes
with high-dose image guided radiotherapy compared with non-IGRT
for the treatment of clinically localized prostate cancer. Int J Radiat
Oncol Biol Phys 2012;84:125-129.
16. Zelefsky M, Levin E, Hunt M, et al. Incidence of late rectal and
urinary toxicities after three-dimensional conformal radiotherapy and
intensity-modulated radiotherapy for localized prostate cancer. Int J
Radiat Oncol Biol Phys 2008;70:1124-1129.
17. Lee WR, Dignam JJ, Amin MB, et al. Randomized phase III non-
inferiority study comparing two radiotherapy fractionation schedules
in patients with low-risk prostate cancer. J Clin Oncol 2016;34:2325-
2332.
18. Pugh TJ, Choi S, Nogueras-Gonzalaez GM, et al. Proton beam therapy
for localized prostate cancer: Results from a prospective quality-of-life
trial. Int J Part Ther 2016;3:27-36.
19. Hamstra DA, Conlon AS, Daignault S, et al. Multi-institutional pro-
spective evaluation of bowel quality of life after prostate external
beam radiation therapy identifies patient and treatment factors asso-
ciated with patient-reported outcomes: The PROSTQA experience. Int
J Radiat Oncol Biol Phys 2013;86:546-553.
Hamstra et al. International Journal of Radiation Oncology  Biology  Physics984
20. StenmarkMH, Conlon AS, Johnson S, et al. Dose to the inferior rectum is
strongly associated with patient reported bowel quality of life after radi-
ation therapy for prostate cancer. Radiother Oncol 2014;110:291-297.
21. Cheung MR, Tucker SL, Dong L, et al. Investigation of bladder dose
and volume factors influencing late urinary toxicity after external
beam radiotherapy for prostate cancer. Int J Radiat Oncol Biol Phys
2007;67:1059-1065.
22. Spratt DE, Zumsteg ZS, Ghadjar P, et al. Comparison of high-dose
(86.4 Gy) IMRT vs combined brachytherapy plus IMRT for
intermediate-risk prostate cancer. BJU Int 2014;114:360-367.
23. Scaife JE, Barnett GC, Noble DJ, et al. Exploiting biological and
physical determinants of radiotherapy toxicity to individualize treat-
ment. Br J Radiol 2015;88:20150172.
24. Bolt DM, Johnson TR. Addressing score bias and differential item
functioning due to individual differences in response style. Appl
Psychol Meas 2009;33:335-352.
25. Dearnaley D, Syndikus I, Mossop H, et al. Conventional versus
hypofractionated high-dose intensity-modulated radiotherapy for
prostate cancer: 5-Year outcomes of the randomised, non-inferiority,
phase 3 CHHiP trial. Lancet Oncol 2016;17:1047-1060.
26. Buyyounouski MK. Radiobiological modeling and the study of
hypofractionated radiotherapy for prostate cancer. Eur Urol 2014;66:
1031-1032.
27. King CR, Freeman D, Kaplan I, et al. Stereotactic body radiotherapy
for localized prostate cancer: Pooled analysis from a multi-
institutional consortium of prospective phase II trials. Radiother
Oncol 2013;109:217-221.
28. Morris WJ, Keyes M, Spadinger I, et al. Population-based 10-year
oncologic outcomes after low-dose-rate brachytherapy for low-risk
and intermediate-risk prostate cancer. Cancer 2013;119:1537-1546.
29. Jawad MS, Dilworth JT, Gustafson GS, et al. Outcomes associated with
3 treatment schedules of high-dose-rate brachytherapy monotherapy for
favorable-risk prostate cancer. Int J Radiat Oncol Biol Phys 2016;94:
657-666.
30. Lawton CA, Yan Y, Lee WR, et al. Long-term results of an RTOG
phase II trial (00-19) of external-beam radiation therapy combined
with permanent source brachytherapy for intermediate-risk clinically
localized adenocarcinoma of the prostate. Int J Radiat Oncol Biol
Phys 2012;82:e795-e801.
31. Orio PF, Nguyen PL, Buzurovic I, et al. The decreased use of
brachytherapy boost for intermediate and high-risk prostate cancer
despite evidence supporting its effectiveness. Brachytherapy 2016;15:
701-706.
32. Hoppe B, Henderson R, Mendenhall WM, et al. Proton therapy for
prostate cancer. Oncology (Williston Park) 2011;25:644-652.
33. Kim DW, Cho LC, Straka C, et al. Predictors of rectal tolerance
observed in a dose-escalated phase 1-2 trial of stereotactic body ra-
diation therapy for prostate cancer. Int J Radiat Oncol Biol Phys 2014;
89:509-517.
34. Dearnaley DP, Khoo VS, Norman AR, et al. Comparison of radiation
side-effects of conformal and conventional radiotherapy in prostate
cancer: A randomised trial. Lancet 1999;353:267-272.
35. Sheets NC, Goldin GH, Meyer AM, et al. Intensity-modulated radia-
tion therapy, proton therapy, or conformal radiation therapy and
morbidity and disease control in localized prostate cancer. JAMA
2012;307:1611-1620.
36. Vanneste BG, Hoffmann AL, van Lin EN, et al. Who will benefit most
from hydrogel rectum spacer implantation in prostate cancer radio-
therapy? A model-based approach for patient selection. Radiother
Oncol 2016;121:118-123.
Volume 97  Number 5  2017 Rectal spacer 3-year clinical trial results 985
